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Objective 


* To illustrate that an electromagnetic macro modeling can 
properly predict the path loss exponent in a mobile 
cellular wireless communication system. 


* Path loss exponent in a cellular wireless communication 
system is 3, preceded by a slow fading region, and 
followed by the fringe region where the path loss 
exponent is 4. 


* Experiments: Okumura et al. and more extensive 
experimental data from different base stations. 


Dennis Gabor wrote:[1972, IEEE Trans on 
Information Theory, First Issue] 


The wireless communication systems are due to the 
generation, reception and transmission of electro- 
magne signals. Therefore all wireless systems are 
subject to the general laws of radiation. 


Communication theory has up to now been developed 
mainly along mathematical lines, taking for granted the 

physica significance of the quantities which are 
undamental in its formalism. 


But communication is the transmission of physical 
effects from one system to another. Hence 
communication theory should be considered as a 
branch of physics. 
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Figure 2.2-14 Distance dependence of median field strength in an urban area 
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Prediction from Ericsson in-building path loss model. Reproduced by 

permission from Simon R. Saunders, Advances in mobile propagation 
prediction methods, Chapter 3 of Mobile Antenna Systems Handbook, 
Edited by: Kyohei Fujimoto, Artech House, 2008. 






This is one of the earliest experiments which aimed to 
check the existence of Sommerfeld surface waves 





Fig. 1—Experimental arrangement for determining the variation of the 
received field strength with distance. 
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THE SURFACE WAVE IN RADIO PROPAGATION 
OVER PLANE EARTH* 


By 
CHARLES R. BURROWS 
(Bell Telephone Laboratories, Inc., Deal, New Jersey) Analytical 
Solution by 
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Limited Spectrum for Mobile Broadband 


Best for mobile broadband (300 MHz-3.5 GHz) 


Bounces from the sky | | Bounces inside rooms 
Penetrates buildings and terrain | | Reflects from buildings 


Follows Earth's curvature | | Travels in a straight line 


Fades in the rain 


1MHz 10 MHz 100 MHz 1GHz 10 GHz 





OPPORTUNITY WINDOW: The best frequencies for mobile broadband are high enough that the antenna can be made conveniently compact, 
yet not so high that signals will fail to penetrate buildings. This leaves a relatively narrow range of frequencies available for use [red band]. 





IEEE SPECTRUM Magazine, October 2010, pp. 29 
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Experimental Data 
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Photograph of a Delhi typical urban environment in this study. 





11 


Experimental Data 


" Brijvihar base station 


Pathloss exponent 








0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 


Distance (m) 





Variation of path loss exponent with distance for BJV base station (1800 MHz). Base station 


height: 24 m. Beginning of smooth region: 864 m. B 


Experimental Data 





AURNIA19 Base station 


4 observed values 


Pathloss exponent 
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Variation of path loss exponent with distance for AURNIA 19 base station (900 MHz). Base 
station height: 50 m. Beginning of smooth region: 900 m. 
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Theory — Sommerfeld Formulation 


¢ Dipole of moment /dz oriented along the z-direction and located at 


(x,y,z) over an imperfect ground plane of complex relative 
dielectric constant €. 








EEE Dipole moment /dz 
Cyt, (x,y,z) 
| puo > 
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Theory — Sommerfeld Formulation 


e Solution: 
ae) TE ITE E cp LP =k? (z+2'))aaa 
R, JA - ke elk ek | 
» J, (20)exp| J7 le ce le Az! 
IL, 22P f — — ——————————————t 
for ^el A -ki | > 0 where 


Id ! 
Hr pay(x-x') +(y-y') R =p +(2-2) 
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Theory - Field Near the Interface 


* For le| — o 0 «z[2 , and W small, 








2k j +z! - (z+z')exp|-jk R 
Gy =- Thi epf- jer EZ aea i (z+z') pl JR, | 
2 2 &€ -] R, 


and three facts can be recognized: 
1 


e A variation of the Hertz potentialas II, « Eu 
2 


which will give a field variation of po if z+z" << p, or 





equivalently, a path loss exponent of 3. 
e A height gain effect: see the (z+z”) term. 
* No dependence with the ground parameters. 


Theory - Field Near the Interface 


e For [e| — co, 0ex|2  ,andW large, 
+z') E 
celo ER 2 
sV € exp| JK, 3 R | 773 
and four facts can be recognized: 


* Aterm with a variation of the Hertz potential as 1/R?, which is 
recognized as a Norton surface wave, and will give a path loss 
exponent of 4. 


* A higher order term with a variation as 1/R”. 
* A height gain effect for both terms. 
* Adependence with the ground parameters for both terms. 


Theory - Field Near the Interface 


e In summary, the expressions for the total Hertz potential near the 
interface for |e] > 00 and @~z/2 are: 


urs. c Jak E y na MS al 
1 2 R, 


IL, 2x 


P ,W»1 





exp(—Jk,R;) _ exp(- Jk R;) i 2Je(z +z") exp(—Jk,R,) la $ 
R R Jk R, 


1 2 2 





where we can recognize two distinct regions: 
e the first one, closer to the dipole, with a path loss exponent of 3, 
height gain, and no dependence with the ground parameters; 
e the second one, further away from the dipole, with a path loss 


exponent of 4, height gain and dependence with the ground 
parameters. 


Ez in dB (rel. to 1 uV/m) 


Ez in dB (rel. to 1 uV/m) 
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using AWAS 


Numerical Analysis — Field Near an Earth-Air Interface 


average 5m 
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good 5m 
poor 5m 


Ez in dB 





10 10° 

Horizontal distance from the transmitter antenna in meters 

Variation of magnitude of E, from a half-wavelength dipole as a function of distance, at an 
operating frequency of 900 MHz. The height of the observation point was 2 m. Five different 


types of ground have been used, with different parameters. m 


Experimental Data 


VKH Base Station 


Pathloss exponent 
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Variation of path loss exponent with distance for VKH base station (900 MHz). Base station 
height: 13 m. Beginning of smooth region: 234 m. 
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What Type of Wave Is It? 


From the measurements shown it may be concluded: 
e In all cases, most of the cell is in the near field region of the base station. 


e Then, there is region with a path loss exponent of 3, i.e., with a decay of 


l 
prexfield as ps 


e Next, the region with a path loss exponent of 4, due to the Norton surface 
wave, follows 








. l 
e The question arises: what type of wave is such that decays p 


in the intermediate region? as 


What Type of Wave Is It? 


e Following Van der Pol and other researchers, it can be concluded 
that such wave is a surface wave originated by a 2D infinite source 
as the secondary sources shown in the following diagram which is 
precisely the situation in this problem 


| e eL NP 


h 
i An infinite collection of 


S Secondary sources 


-00 23 


* An optical analog 






What Type of Wave Is It? 


situation: 





Range extension due to height gain 





Surface wave continuous propagation after a big 
obstruction 








100W/m2 


1VWW/m2 


There will be constructive 
and destructive 
interference. So what will 
be the variation of power 
density in space? 


(100 +1) Wim? ?? 
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There will be constructive 


and destructive 
interference. So what will 
be the variation of power 
100W/m2 density in space? 
(100 +1) W/m? ?? 


(121 «4» 81) W/m? 


— A 40% variation even though 


the input power density 
variation is ONLY 1%!? 
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Case B 


2W — 20 


3V 1A 10 


SW 


ouperposition of Case A & B results in a NEW CASE C 


8W 20 ay 2W— 20 ” 
OO 
vO CA P vO 27 P 
6 18W> 20 MW 


uu - di 
¿NO 
9W 


ouperposition of Case A & B results in a NEW CASE D 
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The two cases 
are 
COMPLETELY 
Different 


Superposition of 
POWER DOES 
NOT HOLD. 


Superposition of 
voltages and 
currents are still 
valid 


Therefore, the signal to noise ratio of z(t) is 


Ells(112] 
h = MT 


n 


If, instead of using the array of M elements, only the Signal at a single array element, 
u(t), is used, then 


u(t) = s(t) +n(t) (5.9) 
The signal-to-noise ratio of u(t) is 
Y, Els co] | (5.10) 
o 


n 


Comparing (5.8) and (5.10), we see that an M-element array can achieve an SNR improve- 


ment of 


gel 00119 «Yo = reg sa] say 


in ae White Gaussian Noise (AWGN) with no interference or multipath. This is the signal- 
to-noise ratio improvement provided by the array relative to the signal-to-noise ratio at a single 


element. 


